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The purpose of this study was to determine if there is a dif¬ 
ferential activity of ribonucleic acid (RNA) polymerase in E. coli 
growing at widely different growth rates (doubling times of one and 
ten hours). If such a difference exists, then the enzyme RNA 
polymerase could be a site of metabolic control for RNA synthesis 
via a mass action mechanism. 
A method of gently lysing the cells was used and the per cent of 
lysis was noted. Following lysis the cells were assayed for RNA 
polymerase. The activity of RNA polymerase was followed by the in¬ 
corporation of radioactive adenosine monophosphate (AMP) into RNA 
products. 
RNA polymerase activity was found to be 4.47 times greater per 
gram dry weight of cells in cultures with a doubling time of 1 hour as 
compared to cultures doubling every 10 hours. It is concluded that 
the concentration or activity of the enzyme could account for the 
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different rates of RNA synthesis that occurs in these cells at dif¬ 
ferent growth rates and the synthesis or activity of the polymerase 
is not required to be the subject of metabolic control. 
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It is now well established that all living organisms contain 
genetic material (deoxyribonucleic acid, DNA or ribonucleic acid, RNA) 
which governs the activities of the organism. This genetic material 
may be looked upon as being the main center of operations and controls. 
From information stored in this "control center" flows instructions 
for replication, transcription of RNA or DNA, translation of protein, 
and synthesis of small molecules, lipids and carbohydrates. However, 
just as the genetic materials control other molecules, there are also 
controls which govern the genetic materials themselves. This thesis 
deals with regulatory mechanisms which affect macromolecular synthesis 
in bacterial cells, and more particularly, the work presented here 
concerns controls affecting RNA synthesis in Escherichia coli. Numerous 
experiments have been designed to elucidate the regulatory mechanisms 
which govern RNA synthesis, since the transcription of RNA from a 
DNA template is a known control point. Among the experiments are 
induction of enzymes (Jacob and Monod, 1961), shift-up and shift-down 
experiments (Kjeldgaard, 1961; Neidhart and Fraenkel, 1961; Koch, 1965), 
and removal of required amino acids (Maal^e and Kjeldgaard, 1966). 
From the results of experiments involving enzyme induction, Jacob 
and Monod (1961) developed the operon theory. The operon theory 
postulates that some molecules interact with an "operator-specific" 
repressor substance which allows the operon to be transcribed (induction) 
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on the one hand or prevents transcription on the other hand (repression). 
This theory explains certain aspects of a control mechanism governing 
messenger RNA (mRNA) synthesis and, therefore, certain aspects of 
protein synthesis. 
From the shift-up experiments (Koch, 1965) it has been learned 
that when E. coli cells growing in a minimal medium are transferred to 
an enriched medium, the rate of RNA synthesis begins to increase within 
5 seconds and increases some 40-fold. Consequently, controls which 
operate on RNA synthesis in E. coli are very fast acting. 
In shift-down experiments in which cells growing in an enriched 
medium are washed free of this medium and placed in a minimal medium, 
Neidhart and Fraenkel (1961) have shown that the RNA and protein syn¬ 
thesis both stop almost completely. 
Similarly, removal of a required amino acid(s) from a culture 
affects not only protein synthesis, but also RNA synthesis. Net 
protein synthesis stops for obvious reasons and at the same time net 
RNA synthesis is reduced to approximately 107, of the normal. At this 
greatly reduced net rate however, mRNA continues to be produced for 
long periods in the absence of amino acid(s) (Nierlich, 1967). 
From the aforementioned statements one begins to realize that 
bacteria, and in the study to be presented here E. coli strain B, can 
rapidly adjust its macromolecular content in response to environmental 
changes. It is the purpose of this thesis to present studies on the 
relative activities of RNA polymerase (Nucleosidetriphosphate: RNA 
nucleotidyltransferase, E.C. 2*7*7*6) in E. coli B growing at different 
steady-state growth rates, specifically E. coli growing with doubling 
3 
times of 1 hour and 10 hours respectively. A method of gently lysing 
the cells is used to prepare a lysate for the liberation of RNA poly¬ 
merase in this ija vivo study (Godson and Sinsheimer, 1967). The 
relative activity of RNA polymerase is measured by a procedure devised 
by Burgess (1969). The objective in these experiments was to 
determine if the activity of RNA polymerase is under regulatory 
control in E. coli cells. 
CHAPTER II 
REVIEW OF LITERATURE 
The synthesis of E. coli RNA requires a DNA template, the 4 ribo- 
nucleoside triphosphates (uridine triphosphate, UTP; cytidine tri¬ 
phosphate, CTP; adenine triphosphate, ATP; and guanosine triphosphate, 
GTP), and RNA polymerase which is DNA dependent and requires both Mg’*-1" 
and Mh** for maximum activity (Raacke, 1971). According to Burgess and 
Travers (1971) the enzyme RNA polymerase of E. coli has a molecular 
weight of 400,000 * 10% for its monomeric form. It has been shown 
that the enzyme is composed of at least four different polypeptide 
chains. These chains are designated (165,000 - 107. daltons), 0 
(155,000 - 107.), a (95,000 ^ 57.) and a (39,000 ^ 57.) and they are 
found in the molar ratio 1:1:1:2 (Burgess and Travers, 1971). At 
present the functions of the various subunits in the synthesis of RNA 
is only partially understood. The enzyme ( bas been 
fractionated into structural and functional components: (1) a core 
enzyme (a^ ) which contains the machinery for synthesizing RNA 
but lacks the ability to initiate such synthesis accurately and 
efficiently and (2) the sigma factor (a ) which has no synthetic 
activity itself but when added back to core enzyme restores the ability 
to initiate RNA synthesis at specific sites on the DNA template 
(Burgess and Travers, 1971). 
Association, initiation, and polymerization are 3 steps in the 
synthesis of RNA by the DNA dependent RNA polymerase (Anthony _et al. 
1969). Association defines the formation of the complex of RNA 
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polymerase and DNA. Initiation is the addition of both the 5'-terminal 
and the subterminal nucleoside triphosphate to the DNA-enzyme complex and 
the formation of the first phosphodiester bond. Polymerization is 
defined as synthesis of RNA following initiation. Release of newly 
formed RNA chains occurs with termination at specific sites on the 
DNA template by a rho (P) factor (Roberts, 1970). 
Norris and Koch (1972) showed that of the total RNA contained in 
E. coli BU growing in excess glucose minimal media with a doubling 
time of 55 minutes, m-RNA constitutes approximately 3%. This per¬ 
centage does not change when the cells are grown in chemostat culture 
on limiting glucose with a doubling time of 10 hours. They further 
showed that the amount of 16S and 23S RNA is 80% of the total RNA in 
cells doubling every 55 minutes, while these 2 forms of ribosomal RNA 
(r-RNA) constitutes 73% in cultures doubling every 10 hours. Transfer 
RNA (t-RNA) in cultures doubling every 55 minutes constitutes 17% of 
the total RNA, while in cultures doubling every 10 hours it constitutes 
24.5% of the total RNA. 
Norris and Koch (1972) further showed that the relative rate of 
RNA synthesis in E^, coli BU- growing in excess glucose minimal media 
with a doubling time of 55 minutes is as follows for the 3 classes of 
RNA: m-RNA is 51.3% of the total rate; r-RNA is 41% of the total rate, 
and t-RNA is 8% of the total rate. They also showed that in chemostat 
culture in which the doubling time was 10 hours, the relative rates of 
RNA synthesis for the 3 classes of RNA was as follows: m-RNA was 72% 
of the total rate; r-RNA was 24.5% of the total rate; and t-RNA was 
3% of the total rate. Cells doubling every 1 hour have twice as much 
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RNA per unit amount of DNA as cells doubling every 10 hours and over 
this range of growth rates, the RNA to DNA ratio varies linearly 
while the protein to DNA ratio is constant (Norris, 1970). 
In experiments performed by Koch (1965) in which E. coli BU” 
growing on a poor carbon source (DL-alanine) with a doubling time of 
5 hours were shifted up by placing them in enriched media of 0.2% 
glucose and 0.1% casamino acids, he found what he thought to be the 
total rate of RNA synthesis to increase in less than 5 seconds. The 
acceleration of RNA synthesis was followed by the incorporation of 
"^C-8-guanine into RNA in 20 second pulses. The rate of acceleration 
was found to be constant until the rate achieved that which was 
characteristic of the new media (doubling time of 31 minutes). He 
also showed that the new rate of synthesis obtained in the enriched 
media was achieved in 95-110 seconds. Koch (1965) further showed 
that the same results were obtained following a shift-up even in the 
presence of chloramphenicol. Consequently, he argued that the increase 
in RNA synthesis noted was possible without an increase in the number 
of RNA polymerase molecules. However, one could still assume that 
there is an activation of polymerase molecules not engaged in RNA 
synthesis or there may be an increase in the initiation rate of 
polymerase molecules binding to the DNA template. Following a shift-up 
there is no immediate concomitant increase in DNA or protein synthesis 
with the increase in RNA synthesis (Maaloe and Kjeldgaard, 1966). 
Nierlich (1973) showed that experiments such as the one performed 
by Koch (1965) measure only net RNA synthesis because of the degradation 
7 
of m-RNA and certain nucleotide pool problems. Nierlich defines total 
RNA synthesis as the sum of metabolically stable KNA (usually thought 
of as r-RNA and t-RNA) and unstable RNA (usually thought of as being 
m-RNA) and net RNA synthesis as stable RNA plus the small accumulation 
(the difference between synthesis and break down) of unstable RNA 
throughout the growth of cells. 
Analysis of the experiments involving RNA synthesis at different 
growth rates suggest: (1) that overall rates of synthesis of m-RNA, 
t-RNA and r-RNA are controlled differently as the growth rate of E. 
coli is altered and (2) that the degradation of the so called stable 
RNA species (r-RNA and t-RNA) occurs at the slower growth rates 
(Norris and Koch, 1972; Nierlich, 1973). 
Bremer et al. (1973) have presented studies on nutritional 
shifts-up in E. coli on the relative rate of stable RNA synthesis from 
which they calculated the fraction of RNA polymerase engaged in their 
synthesis. The relationship between the values for the fraction of 
RNA polymerase molecules and the different growth rates and the chain 
growth rate of stable RNA has two implications for the control of RNA 
synthesis during a nutritional shift-up. According to these authors: 
(1) the increase in the rate of RNA synthesis after a shift-up results 
from a transfer of RNA polymerase molecules from m-RNA to stable RNA 
genes and a concomitant increase in the stable RNA chain growth rate 
and (2) the differential rate of RNA polymerase synthesis (RNA poly¬ 
merase protein/total protein) is subject to a growth rate-dependent 
control 
8 
From the equation below where rg is the rate of stable RNA 
synthesis at any time; cg is the chain growth rate of stable RNA;^ 
is the fraction of functioning RNA polymerase engaged in synthesis of 
stable RNA; and Np0-j^ is the total number of functioning RNA poly¬ 
merase molecules (per bacterium), these workers could show from 
their data that the NpQ^^ of the pre-shift rate is equal to the 
NpolT t*ie post-shift rate. This then would rule out the possi¬ 
bility of an activation of non-functioning polymerase molecules during 
the transition which occurs with the shift. The switching of the 
polymerase molecules from m-RNA genes would also mean that control of 
transcription during a shift-up is through selection more than 
frequency of initiation. Bremer and his colleagues (1973) argue that 
the rate of RNA polymerase synthesis, like DNA and protein synthesis, 
does not immediately increase during a shift-up transition, but does 
eventually increase in order that the bacteria may maintain its post¬ 
shift rate of RNA synthesis at the new steady-state growth rate. 
rs = cs% NpolT 
CHAPTER III 
MATERIALS AND METHODS 
Materials 
Organism. 
Escherichia coli strain B was obtained from Arthur Koch of Indiana 
University. 
Chemicals. 
Potassium chloride (KC1) ; sodium pyrophosphate (Na^I^PO^ • 10^0) ; 
toluene; trichloroacetic acid (TCA); potassium phosphate (lŒ^PO^); 
manganese sulfate (MnSO^); magnesium chloride (MgC^); glucose; magnesium 
sulfate (MgSO^); sodium phosphate (Na2HP0^); ammonium chloride (NH^Cl); 
and sodium chloride (NaCl) were purchased from the Baker Chemical 
Company. 
Ethylenediaminetetraacetic acid (EDTA) was obtained from the 
Nutritional Biochemical Corporation. 
Tris-Hydrochloride (Tris); uridine-5'-triphosphate (UTP); adenine¬ 
s' -triphosphate (ATP); cytidine-51-triphosphate (CTP); guanosine-5'-tri¬ 
phosphate (GTP); highly polymerized calf-thymus DNA; 8-^C-adenosine- 
5-triphosphate (48.7 mci/mmole and 10 fici/ml); isopropyl- /3 -D-thio- 
galactopyranoside (IPTG); and ortho-nitrophenyl- /3 -D-galactopyranoside 
(ONPG) were purchased from Schwarz/Mann Division of Becton, Dickinson 
and Company. 




Bovine serum albumin (BSA), dithiotreitol (DDT) and lysozyme 
were from Sigma Chemical Company. 
Preparation of Medium 
Stock solution for M-9 minimal medium. A stock solution 
(2.5X, pH 6.9) of M-9 minimal medium (Roberts et al. 1957) is prepared 
from the following recipe: MgSO^, 0.1 g; Na2HP0^, 6.0 g; NH^Cl, 
1.0 g; KH2PO4, 3.0 g; NaCl, 5.0 g; and distilled, deionized water to 
1 liter. It should be noted here that the stock solution of M-9 is 
prepared at a 2.5X concentration in a volume of 20 liters for storage 
purposes. During the preparation of the medium all ingredients are 
increased by a factor of 2.5. The MgSO^ is dissolved in 100 ml of 
deionized water and added last to avoid the precipitation of the 
phosphate in the medium. When the other salts are dissolved in 19 
liters of deionized water, the MgSO^ solution is added and the pH is 
adjusted to 6.9. Deionized water is then added until the volume is 
20 liters. 
Preparation of 1X-M-9. To 800 ml of 2.5X M-9, 1200 ml of deionized 
water are added to yield a IX concentration of M-9. The 1X-M-9 is 
then taken in 100 and 200 ml aliquots and placed in clean 100 and 500 
ml prescription bottles. The medium is then autoclaved at 121 degrees 
centigrade (121 C) and 15 pounds per square inch pressure for 15 minutes. 
After autoclaving the medium is stored at room temperature until use. 
Preparation of 10% glucose. Ten grams (g) of glucose are dis¬ 
solved in 100 ml of deionized water to yield a 10% solution of glucose. 
The 10%, glucose solution is taken in 10 ml aliquots and placed in 
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screw cap test tubes. The test tubes are autoclaved for 15 minutes at 
121 C and 15 pounds per square inch pressure. After autoclaving, the me¬ 
dium: is stored at room temperature until use. 
Methods 
Cultivation of E. coli B. 
Stab cultures of E. coli B. From a nutrient agar (Difco) stab 
culture of E. coli B, a loopful of bacteria is aseptically removed and 
added to 100 ml of 1X-M-9 containing 2 ml of 10% glucose. A sterile 
bubbler assembly apparatus consisting of a metal cap with a tight 
fitting rubber washer and a glass tube plugged at one end with cotton 
is placed on the prescription bottle containing the mtediiiim and bacteria. 
The cells are then placed in a constant temperature water bath at 37 C 
and aerated with moist air from a laboratory supply line under 5 pounds 
of pressure and allowed to grow. 
Determination of doubling time in E. coli B (batch culture). From 
an overnight culture of E. coli B 1 ml is added to 100 ml of 1X-M-9 
containing 0.2% glucose. The sub-culture is then placed in a water bath 
at 37 C and aerated. Absorbance readings are taken at 420 nanometers 
(nm) on a Hitachi Perkin Elmer 139 UV-Vis spectrophotometer beginning 
with the aeration of the culture and every half hour thereafter until 
the absorbance reaches 0.4. An absorbance reading of 0.4 corresponds 
to approximately 2 x 10® cells/ml (Norris, 1970). A growth curve is 
thus obtained by plotting the absorbance reading at 420 nm (ordinate) 
versus time (abscissa) on semi-logarithm paper (Fig. 1). As previously 
shown by Norris (1970) the absorbance at 420 nm of bacterial cultures 
Fig. 1. Growth curve showing a culture with a doubling time 
of 62 minutes 
12 
TIME ( minutes ) 
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is directly proportional to the mass of cells and the proportionality 
does not change with growth rate. 
Chemostat culture. The present chemostat system (Fig. 2) has 
been previously described by Norris (1970). However, it is necessary 
to describe its physical make-up, principles and operations. 
Air for the device is delivered from a laboratory air supply 
which is saturated with water to provide moist air. The air passes 
on to the growth chamber. The Mariotte tube assembly consists of a 
2000 ml supply bottle, which is used to contain media, M-9 + 0.02% 
glucose; a tight fitting rubber stopper containing a 10 foot teflon 
siphon which leads to the growth chamber and a glass tube with a 
cotton plug which reaches almost to the bottom of the supply bottle. 
The flow rate of the medium to the growth chamber is controlled by the 
hydrostatic head, which is the distance between the bottom of the 
Mariotte tube and the end of the siphon, and the resistence of the 
siphon itself. The pressure in the top of the supply bottle is less 
than the atmospheric pressure which comes through the cotton plugged 
Mariotte tube. Since the bottom of the Mariotte tube is at atmospheric 
pressure, medium enters the siphon at atmospheric pressure. Two more 
things should be noted; (1) the primed siphon is driven by hydrostatic 
pressure and (2) the resistance is proportional to the length of the 
siphon which helps control the flow rate. 
The growth chamber (1000 ml volume) contains the bacteria and 
medium from the Mariotte assembly. It is composed of an air baffle 
which is fitted with a rubber stopper and plugged with cotton for 





stability and functions to maintain atmospheric pressure in the growth 
chamber. There is also a constant leveling device which removes medium 
and bacteria from the actual liquid surface. The leveling device has 
a hole in it and is bent away from the fresh incoming mediun so that it 
won't be forced out before mixing with the bacteria. 
The leveling device is connected to a collecting tube by a teflon 
siphon. The collecting tube is then connected to an overflow vessel 
which is in turn connected to a vacuum source. As a necessary condi¬ 
tion of the constant volume (1000 ml) in the growth chamber, the flow 
of the mediun into the growth chamber is exactly equal to the flow of 
the mediun and bacteria out of the growth chamber. When the chemostat 
is in operation it has been observed that the number of bacteria per ml 
of growth medium in the growth chamber remains the same with respect to 
time (Norris, 1970). To explain this constancy one may assume that the 
growth of the bacteria in the growth chamber is autocatalytic. This in 
turn is explained by a growth term ^ * A.N, where ~ is the growth 
rate at a particular time, N is the number of bacteria present at that 
time and \ is the first order growth rate constant. One must also 
take into account the flow of organisms and medium out of the device 
and this is expressed by the washout term where o> is equal to 
the flow rate and V is the volume of the growth chamber. If the growth 
term . e, \N, is exactly balanced by the washout term this would 
explain the constancy of bacterial concentration in the growth chamber 
with respect to time. Then ÀN - ; A= ù) . This says that 
growth rate is determined by flow rate, ù) and volume, V. Doubling time 
( r ) of the chemostat culture is expressed as: r - 0,693V. where r, 
2 L a) 
is 
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doubling time, V is volume, <o is the flow rate, and 0.693 is the 
natural log of 2. Therefore a 1000 ml chemostat culture must have 
a flow rate of 69.3 ml/hour to obtain a doubling time of 10 hours. 
This flow rate was observed in the study presented. 
/3-galactosidase assay and lysis of E. coli B. 
In order to perform the $-galactosidase assay (Rotman, 1961) 
the cells must be induced to synthesize the enzyme. Therefore, 30 
minutes before the absorbance reaches 0.4 in batch culture and 30 
minutes before cells are collected from chemostat culture, isopropyl-|3- 
D-thiogalactopyranoside (IPTG) is added to a final concentration of 
5 x 10'*M to the growing cultures. When the absorbance reaches 0.4 
the batch culture is placed in an ice bath for 45 to 60 minutes and 
subsequently a final absorbance reading is taken. For chemostat 
cultures, 40 ml aliquots are pipetted into cold 50 ml plastic centri¬ 
fuge tubes 30 minutes after induction and the tubes are placed in an 
ice bath for 45 to 60 minutes after which an absorbance reading is 
also taken. Aliquots of 40 ml of cold batch culture cells are also 
placed in cold 50 ml plastic centrifuge tubes. The chemostat and batch 
culture cells are then centrifuged at 12,000 revolutions per minute 
(rpm) for 15 minutes in an International Refrigerated Vacuum Centrifuge 
model BD-2 with a type number A-192 rotor at 0 degrees centigrade (0 C). 
After centrifugation the media is decanted in preparation for the /3 - 
galactosidase assay by the hydrolysis of ortho-nitrophenyl- /3-D-galac- 
topyranoside (ONPG). 
Cells were lysed for the “galactosidase assay by 4 different 
procedures. Procedure 1 has been described by Revel et _al. (1961). 
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Their lytic mixture contained by volume: 1 part toluene, 1 part 
mercaptoethanol, 1 part re-crystallized 10% sodium dodecyl sulfate 
(SDS), and 1 part 0.02M MnSO^. Following centrifugation of the batch 
and chemostat cultures, the pellet is taken up in 4.9 ml of 1X-M-9 
and 0.1 ml of lytic mixture of Revel et al. (1961) is added followed 
by vigorous shaking. All operations are performed in an ice bath. 
Procedure 2 is modified from the method described by Godson and 
Sinsheimer (1967). Pellets from the batch and chemostat cultures while 
contained in an ice bath are treated with 0.4 ml of cold 25% sucrose 
(weight per volume) made up in 0.01M Tris (pH 8.1) for 2-5 minutes. 
Then 0.05 or 0.2 ml of lysozyme solution (0.85 milligram/milliliter 
(mg/ml) crystalline lysozyme in 0.25M Tris, pH 8.1) and 0.05 or 0.2 ml, 
respectively, of an EDTA solution (2.7 mg/ml of tetra sodium EDTA) are 
added. The lysozyme and EDTA solution are mixed before hand and added 
together. After 2 to 3 minutes the cells are lysed osmotically by the 
addition of 4.5 ml of cold deionized water following treatment with 0.1 
ml of EDTA and lysozyme solution or 4.2 ml of cold deionized water 
following 0.4 ml of EDTA and lysozyme solution. 
Procedure 3 requires that the pellets be treated by the method of 
Godson and Sinsheimer (1967) using either 0.1 or 0.4 ml of the EDTA and 
lysozyme solution plus 0.1 ml of the lytic mixture described by Revel 
et al. (1961), with the final volume of the lysate being 5 ml by the addi¬ 
tion of cold deionized water. 
Procedure 4 requires that the pellets be taken up in 4.9 ml of 
cold deionized water followed by the addition of 0.1 ml of the lytic 
mixture described by Revel e£ al. (1961). 
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The 5 ml lysates produced by the 4 lysis procedures are diluted in 
a 1:10 solution of 1X-M-9 (1 ml lysate + 9 ml M-9) in order that a homo¬ 
geneous small volume of sample can be assayed. 
ONPG hydrolysis is carried out at 28 C and the change in absorbance 
at 420 nm is noted. The experiment is run on a Coleman Double-Beam 
spectrophotometer model 124-0316 and Sargent-Welch recorder model SRG 
attached. The 28 C is maintained in the spectrophotometer by the attach¬ 
ment of a Gilson constant temperature water bath. The reaction mixture, 
unless specified as different, was as follows: 0.8 ml 1X-M-9, 2.0 ml 
bacterial lysate from the 1:10 dilution and 0.2 ml of 0.028M ONPG (final 
concentration in the reaction mixture is 1.85 x 10"^M). The change in 
absorbance of ONPG per unit time is converted to /imoles of ONPG using 
3 
the extinction coefficient 2.15 x 10 . 
RNA polymerase assay. 
In conjunction with each polymerase assay on both batch and chemo- 
stat cultures, the /3-galactosidase assay was performed to determine the 
amount of lysis in each culture. 
The RNA polymerase assay procedure is essentially the same as the 
one described by Burgess (1969). The assay mixture contains, in 250 micro¬ 
liters ( /il); 0.04M Tris (pH 7.9) at 25 C; 0.01M MgCl2; O.lmM EDTA; 
O.lmM dithiotreitol (DTT); UTP, CTP, and GTP, in an 0.15mM concentration: 
^•^C-ATP (1 /ici/ /mole) ( /tci/ //mole is microcurie per micromole) or 
^C-ATP (5 /ici/ /zmole) in an 0.15mM concentration; 0.15M KC1; 0.5 mg/ml 
of BSA; 0.4mM IG^PO^ (pH 7.5); 0.15 mg/ml of highly polymerized calf 
thymus DNA; and 100 /il of the bacterial lysate. 
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The assay mixture is prepared by mixing the following ingredients 
just prior to use: a solution containing the salts, buffer and BSA; a 
DNA solution (1.875 mg/ml) in 0.1M Tris (pH 7.9) and 0.5mM EDTA; a 
mixture of the three unlabelled nucleoside triphosphates at 3.75mM each; 
and the labelled ATP at 3.75mM. The stock buffer, salts and BSA solution 
contained: 0.1M Tris (pH 7.9); 0.25M MgCl2; 0.25mM EDTA; 0.25mM DTT; 
0.375M KC1 ; l.OOmM KH^O^ (pH 7.5); and 1.25 mg/ml BSA. This stock 
solution was made in a 100 ml volume. 
3.75mM CTP, UTP and GTP solution was made in a 1 ml volume by 
adding the correct number of grams of each triphosphate to achieve the 
final concentration of 3.75mM. 
The DNA solution was made by adding 1.875 mg of highly polymerized 
calf thymus DNA and 0.0002 g of EDTA to 1 ml of 0.1M Tris (pH 7.5). The 
concentration of EDTA in the DNA solution was 0.5mM. 
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The stock solution of 8- C-ATP had a specific activity of 48.7 
mci/mole at a concentration of 10 flex/ /itnole. This stock 8-^C-ATP had 
to be diluted down to a specific activity of 1 pci/ jrnole or 5 fici/fimole. 
14 
It was found that the stock 8- C-ATP contained 0.205 m mmoles ATP/ml 
and that 0.375 ml of 8-^C-ATP contains 0.076 m mmoles of ^C-ATP. There- 
14 
fore the 3.75mM C-ATP (1 jzci/fimole) working solution was made by mixing 
0.375 ml of 8-^C-ATP with 2.26 mg of ^C-ATP and 0.625 ml of deionized 
water. The 3.75mM *^C-ATP (5 fici/ fxmole) working solution was made by 
mixing 1.875 ml of 8-^C-ATP (0.38 m mmoles ^C-ATP) with 2.35 mg of 
•^C-ATP and 0.125 ml of deionized water. 
Using Eppendorf microliter pipette (Brinkman Instruments, Incor¬ 
porated) the reaction mixture for the RNA polymerase assay using 
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^C-ATP with a specific activity of 1 /ici/ /imole contained the following: 
buffer, salts, and BSA, 100 /il; DNA solution, 20 /il; triphosphate 
solution, 10 M*; deionized water, 10 Mi; and the bacterial lysate 100 
H 1. The reaction mixture for the RNA polymerase assays using ^C-ATP 
with a specific activity of 5 pci//xmole contained the following: buffers, 
salts, and BSA solution, 100 /il; DNA solution, 20 /il; triphosphate 
solution, 10 /il; l^C-ATP solution, 20 /il; and the bacterial lysate, 
100 /il. The final volume in the reaction mixture was 250 /il. All re¬ 
actions were carried out in 13 x 100 millimeter (mm) Pyrex glass culture 
tubes. The reaction mixture for the blank samples contained everything 
but bacterial lysate which was replaced by 100 /il of deionized water. 
The assays are incubated for 10, 30 or 60 minutes at 37 C, chilled 
in ice, and precipitated with 3 ml of 5% TCA made in 0.01M sodium pyro¬ 
phosphate. The sodium pyrophosphate helps prevent binding of labelled 
ATP to filters (Burgess, 1969). 
After 15 minutes the precipitate is collected on a Sartorius 
membrane filter (0.45 M pore size) pulled by a vacuum pump and washed 
4 times with 3 ml of 2% TCA made in 0.01M sodium pyrophosphate. 
The filters are placed in scintillation vials and are allowed to 
dry for 50 minutes at 100 C. After 50 minutes the vials are removed 
from the incubator and allowed to cool. Upon cooling of the vials 10 ml 
of Aquasol scintillation fluid is added to each filter. The samples are 
then counted on a Nuclear Chicago Mark I liquid scintillation counter. 
Efficiency of counting was determined by the use of an internal standard. 
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As pointed out by Burgess (1969) polynucleotide phosphorylase 
incorporates ribonucleotides well under the conditions of the assay 
because of small amounts of contaminating ribonucleoside diphosphates. 
This incorporation can be completely inhibited by the presence of 
0.4mM potassium phosphate, pH 7.5, in the assay mixture. All assays 




Effects of EDTA and Lysozyme on |g-galactosidase 
The object of the experiments included in this thesis was to 
compare the activity of RNA polymerase in E. coli cells growing with 
a doubling time of 1 hour with the polymerase activity in cells 
growing with a doubling time of 10 hours. 
According to Norris (1970) fast growing cells lyse more easily 
than slow growing cells. Unless control experiments are included to 
monitor lysis, the possibility exists that an activity of RNA poly¬ 
merase associated with slowly growing cells may be in error because of 
incomplete lysis. Consequently, a series of experiments were performed 
to estimate the degree of lysis associated with each RNA polymerase 
assay. These experiments were indirect in nature and involved the assay 
of a second enzyme, |3-galactosidase. The rationale was as follows: a 
procedure (Revel et al. 1961) was available which was known to yield 
the full complement of jg-galactosidase in E. coli cells growing with 
doubling times between 1 and 24 hours (Norris, 1970). Since jg-galac- 
tosidase is a membrane-bound protein (Rotman, 1961), as is RNA polymerase 
(Burgess, 1969), it was felt that a procedure which yield all of the 
/3-galactosidase from cells would have a high probability of yielding the 
full complement of RNA polymerase. However, since the procedure of 
Revel nt al. (1961) involves the use of toluene and other agents which 
might inhibit RNA polymerase, it was felt that this method could not 
22 
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be used to lyse cells in preparation for the RNA polymerase assay. 
Other workers had shown that a lysozyme-EDTA based lysis procedure was 
not inhibitory to RNA polymerase (Oleson et al. 1969). Consequently, 
the activity of /3-galactosidase in cells lysed by the procedure known 
to yield the full amount of that enzyme was compared with the activity 
of that enzyme from cells lysed by the procedure of Godson and Sinsheimer 
(1967) which would be compatible with RNA polymerase. 
In order to validly make this comparison, however, it was necessary 
to see if the different ionic environments in the two procedures had an 
inhibitory or stimulatory effect on /3-galactosidase. Unless this was 
determined, it would not be possible to interpret different activities of 
/3 -galactosidase in the two lysis procedures as being due to different 
degrees of lysis alone. Therefore control experiments were done to 
determine if different ionic environments would differentially affect 
/3-galactosidase activity. 
In Tables 1, 2 and 3, experiments of the type described are 
presented. /3-galactosidase was assayed by 4 different lysis procedures. 
Sample number 1 refers to lysis by the method known to give the full 
amount of the enzyme and consequently in the column entitled per cent 
lysis, the percentage has been fixed at 100. Sample number 2 refers to 
lysis by the RNA polymerase compatible procedure. In sample number 3 
the cells were lysed by a combination of the first two procedures, while 
in sample number 4 the cells were lysed essentially as in sample 
number 1 except that instead of a salts medium to resuspend the cells, 
deionized water was used. The reason for this is because in the procedure 
used for sample number 2, deionized water was added to .eæmbtieal^y lyse 
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Table 1. Effects of EDTA and lysozyme on £-galactosidase: 1 
lSample 
number 
k AA at 420 nm c fimoles ONPG 
hvdrolvzed 
min ml A^,Q 
d % 
lysis 
1 0.0227 15.01 100.00 
2 0.0146 9.64 64.22 
3 0.0239 15.80 100.59 
4 0.0228 15.04 100.10 
aSample number Cell treatment 
1 4.9 ml 1X-M-9 + 0.1 ml lytic mixture Revel al. 
(1961) 
2 0.4 ml 257» sucrose (w/v) + 0.1 ml EDTA and lysozyme 
solution + 4.5 ml deionized water 
3 0.4 ml 25% sucrose (w/v) +0.1 ml EDTA and lysozyme 
solution + 0.1 ml lytic mixture of Revel £t al. (1961) 
+ 4.4 ml deionized water 
4 4.9 ml deionized water + 0.1 ml lytic mixture of 
Revel et al. (1961) 
See Materials and Methods for explanation of solutions. 
t_ 
DAA is the average change in absorbance at 420 nm. 
cThe induction period was 30 minutes. The 5 ml lysates were diluted 
1:10 in 1X-M-9. The absorbance of the batch culture ( z 1 hour) at 
3 
420 nm was 0.440. The molar extinction coefficient of ONPG is 2.15 x 10 . 
The reaction mixture for ONPG hydrolysis was 0.8 ml 1X-M-9, 2.0 ml 
bacterial lysate and 0,2 ml 0.028 M ONPG. 
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Table 1 (Continued) 
^The per cent lysis is calculated by assuming 100% lysis using the 
Revel et al. (1961) procedure (sample number 1) and comparing all 
other assays to this assay. 
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Table 2. Effects of EDTA and lysozyme on |3“galactosidase: 32 
Sample 
number 
AA at 420 nm fxmoles ONPG 
hydrolyzed 
min ml A^Q 
1 
lysis 
1 0.0320 18.60 100.00 
2 0.0270 15.69 84.35 
3 0.0321 18.66 100.32 
4 0.0310 18.02 96.88 
All conditions are the same as described in the legend to Table 1, 
except the absorbance of the batch culture ( = 1 hour) was 
0.500 at 420 nm. 
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Table 3. Effects of EDTA and lysozyme on /3-galactosidase: 3 
aSample 
number 
bAA at 420 nm c fimoles ONPG 
hydrolyzed 
min ml A^Q 
% 
lysis 
1 0.0969 67.07 100.00 
2 0.0513 35.51 52.94 
3 0.0874 60.49 90.19 
4 0.0902 62.43 93.08 
aSample number 
1 4.9 ml 1X-M-9 + 0. 1 ml lytic mixture of Revel et al. 
2 
(1961) 
0.4 ml 25% sucrose (w/v) + 0.4 ml EDTA and lysozyme 
3 
solution + 4.2 ml 
0.4 ml 25% sucrose 
deionized water 
(w/v) + 0.4 ml EDTA and lysozyme 
4 
solution + 0.1 ml lytic mixture of Revel et al. (1961) 
+ 4.1 ml deionized water 
4.9 ml deionized water + 0.1 ml lytic mixture of 
Revel et al. (1961) 
See Materials and Methods for explanation of solutions. 
b AA is the average change in absorbance at 420 nm. 
cThe induction period was 30 minutes. The 5 ml lysates were diluted 
1:10 in 1X-M-9. The absorbance of the batch culture ( ^ = 1 hour) at 
420 nm was 0.420. The molar extinction coefficient of ONPG is 2.15 x 
10^. The reaction mixture for ONPG hydrolysis was 0.8 ml 1X-M-9, 2.0 
ml bacterial lysate, and 0.2 ml 0.028 M ONPG. 
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the cells and it was necessary to determine if the lack of salt 
affected the enzyme activities. 
Effects of EDTA and Lysozyme on Cell Lysis 
It became desirous to know if by increasing the amount of EDTA 
and lysozyme solution in the procedure considered to be compatible for 
the assay of RNA polymerase, an increase in the percentage of lysis 
would result. Table 4 shows this experiment. Sample number 1 refers 
to cells lysed by the procedure of Revel et al. (1961); sample number 2 
refers to cells lysed by the procedure of Godson and Sinsheimer (1967) 
using 0.1 ml EDTA and lysozyme solution; sample number 3 refers to 
cells lysed by the procedure of Godson and Sinsheimer (1967) using 
0.2 ml of EDTA and lysozyme solution and; sample number 4 refers to 
cells lysed by the procedure of Godson and Sinsheimer (1967) using 0.3 
ml of EDTA and lysozyme solution. 
As pointed out above it was suspected that the lysis procedure 
of Revel £t al. (1961) which was known to give the full complement of 
/3-galactosidase in cells growing at different growth rates, would be 
inhibitory to RNA polymerase. This supposition was examined directly 
and the results are shown in Table 5. Samples number 1 and 1' represent 
RNA polymerase assays in which the cells were lysed by the Revel et al. 
(1961) procedure. The assays were identical for samples 1 and 1' except 
for the incubation time which was 10 and 30 minutes respectively. 
Samples number 2 and 2' were assayed using the lysozyme-EDTA procedure and 
the incubation times were also 10 and 30 minutes. In the table RNA poly¬ 
merase activity is expressed as micro micro moles of AMP incorporated per 
minute per ml per absorbance at 420 nm. 
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c AA at 420 nm pimoles ONPG 
hvdrolvzed 
min ml A/on 420 
% 
lysis 
1 0.02745 20.46 100.00 
2 0.01430 10.66 52.10 
3 0.01490 11.11 54.30 
4 0.02165 16.14 78.89 
aThis batch culture was later found to be contaminated with another 
strain of E. coli. but it shows the relationship between the percentage 
of lysis and RNA polymerase activities (see Table 6). However thèse 
data was not used to explain differences in RNA polymerase activity 
found in varying growth rates. 
See Materials and Methods for explanatinn of solutions. 
^Sample number Cell treatment 
1 4.9 ml 1X-M-9 + 0.1 ml lytic mixture of Revel et al. 
(1961) 
2. 0.4 ml 25% sucrose (w/v) + 0.1 ml EDTA and lysozyme 
solution + 4.5 ml deionized water 
3 0.4 ml 257» sucrose (w/v) + 0.2 ml EDTA and lysozyme 
solution + 4.4 ml deionized water 
4 0.4 ml sucrose (w/v) + 0.3 ml EDTA and lysozyme 
solution + 4.3 ml deionized water 
c AA is the average change in absorbance at 420 nm. 
Table 4 (continued) 
^The induction period was 30 minutes. The 5 ml lysates were diluted 
1:10 in 1X-M-9. The absorbance of the batch culture ( ^ = 1 hour) 
at 420 nm was 0.390. The molar extinction coefficient of ONPG is 
2.15 x 10^. The reaction mixture for ONPG hydrolysis was 0.8 ml 
1X-M-9, 2.0 ml bacterial lysate, and 0.2 ml 0.028 M ONPG. 
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Table 5. RNA polymerase activity in batch culture 
aSample Average k ppmoles AMP incorporated 
number cpm 
min ml A420 
1 19.25 3.48 
1' 19.50 1.17 
2 82.00 14.81 
2' 206.00 12.41 
aSample number Cell treatment 
1 and 1' 4.9 ml 1X-M-9 +0.1 ml lytic mixture of Revel et al. (1961) 
2 and 2' 0.4 ml 25% sucrose (w/v) + 0.1 ml EDTA and lysozyme 
solution + 4.5 ml deionized water 
See Materials and Methods for explanation of solutions. 
t 
^The absorbance of the batch culture ( r z 1 hour) at 420 nm was 0.410. 
The specific activity of ^C-ATP was 1 pci/pmole. The counting effi¬ 
ciency of l^C-ATP as determined by an internal standard control was 1 
disintegration per minute (dpm) which corresponds to 0.76 counts per 
minute (cpm) or 76%. The disintegrationsper minute were converted to 
microcuries (pci) by use of the relationship: 1 pci = 2.22 x 106 dpm. 
The reaction mixture for the polymerase assay was buffers, salts, and 
BSA solution, 100 /il; DNA solution, 20 pi; triphosphate solution, 10 pi; 
■^C-ATP solution, 10 pi; deionized water, 10 Mi; and bacterial lysate, 
100 pi. The incubation period for samples number 1 and 2 was 10 minutes 
at 37 C, while the incubation period for samples number 1' and 2' was 
30 minutes. 
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Table 5 also shows results which bear on the linearity of the 
assay over the 30 minutes incubation period. 
As previously pointed out, with each RNA polymerase assay per¬ 
formed, the per cent of lysis is determined by assaying for ^3-galacto- 
sidase. The lysis procedure used and the percentage of lysis found in 
the cultures assayed for RNA polymerase activity are shown in Tables 6, 
7, and 8. 
RNA Polymerase Activity 
Tables 9 and 10 show RNA polymerase activity found in cultures 
with a doubling time of 1 hour. They also show the varying degrees of 
lysis. 
Table 11 shows the RNA polymerase activity associated with 
cultures having a doubling time of 10 hours. The per cent of cell 
lysis is also shown. 
To determine if there was any inhibition of RNA polymerase 
activity in chemostat cultures (10 hours doubling time) as compared to 
batch cultures (1 hour doubling time) mixing experiments (see Tables 12 
and 13) were performed after lysis of 40 ml aliquots from the two 
cultures. 
In Table 12, sample Bl' refers to an assay of RNA polymerase in 
a batch culture (doubling time of 1 hour) while sample number C2* refers 
to an assay of enzyme in a chemostat culture (doubling time 10 hours). 
In the bottom portion of the table the volumes of Bl' and C2' lysates 
that were used in the mixing experiment assays of the enzyme can be 
noted and the observed radioactivity due to AMP incorporation is compared 
with that expected on the basis of strict additivity. Table 13 shows a 
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Table 6. Effects of EDTA and lysozyme on cell lysis: 2 
aSample 
number 
b AA at 420 nm c (xmoles ONPG 
hydrolyzed 
min ml A^Q 
% 
lysis 
1 0.0641 49.59 100.00 
1* 0.0742 56.72 112.36 
2 0.0445 63.10 100.00 
2' 0.0358 50.76 80.44 
3 0.0536 37.24 100.00 
3' 0.0420 29.07 78.06 
3" 0.0500 34.61 92.94 
Sample number Cell treatment 
1, 2 and 3 4.9 ml 1X-M-9 + 0.1 ml lytic mixture of Revel et 
al. (1961) 
1', 2' and 3' 0.4 ml 25% sucrose (w/v) + 0.4 ml EDTA and lysozyme 
solution + 4.2 ml deionized water 
31' 0.4 ml 25% sucrose (w/v) + 0.1 ml EDTA and lysozyme 
solution + 4.5 ml deionized water 
See Materials and Methods for explanation of solutions, 
b AA is the average change in absorbance at 420 nm. 
cThe induction period was 30 minutes. The 5 ml lysates were diluted 
1:10 in 1X-M-9. The absorbance of cultures 1 and 1' ( r2 z 1 hour) 
was 0.380 at 420 nm, 0.410 for cultures 2 and 2' ( r = 1 hour), and 
0.420 for cultures 3 and 3' and 3'1 ( = 1 hour). The molar 
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Table 6 (Continued) 
extinction coefficient of ONPG is 2.15 x 1(P. The 
for ONPG hydrolysis in 1, 1', 3, 3' and 3*' was 0.! 
ml bacterial lysate, and 0.2 ml 0.028 M ONPG. The 
for ONPG hydrolysis in 2 and 2* was 1.8 ml 1X-M-9, 
lysate, and 0.2 ml 0.028 M ONPG. 
reaction mixture 
ml 1X-M-9, 2.0 
reaction mixture 
1.0 ml bacterial 
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Table 7. Effects of EDTA and lysozyme on cell lysis: 3 
aSample 
number 
k AA at 420 nm c fzmoles ONPG 
hydrolyzed 
min ml A^Q 
% 
lysis 
1 0.1696 394.41 100.00 
1' 0.2008 466.98 118.37 
2 0.1109 123.99 100.00 
2a 0.0800 89.22 71.90 
2b 0.1120 125.22 100.99 
2c 0.0994 94.59 76.28 
2d 0.1124 125.67 101.35 
2e 0.0966 108.00 87.10 
2f 0.1208 135.06 108.92 
2g 0.0846 111.14 89.63 
Sample number 
1 and 2 
1' and 2a 
2b and 2c 
Cell treatment 
4.9 ml 1X-M-9 + 0.1 ml lytic mixture of Revel 
et al. (1961) 
0.4 ml 25% sucrose (w/v) + 0.4 ml EDTA and 
lysozyme solution + 4.2 ml deionized water 
0.4 ml 25% sucrose (w/v) + 0.3 ml EDTA and 
lysozyme solution +4.3 ml deionized water 
0.4 ml sucrose (w/v) + 0.2 ml EDTA and 
lysozyme solution +4.4 ml deionized water 
2d and 2e 
36 
Table 7 (Continued) 
2f and 2g 0.4 ml 257o sucrose (w/v) + 0.1 ml EDTA and 
lysozyme solution + 4.5 ml deionized water 
See Materials and Methods for explanation of solutions. 
b AA is the average change in absorbance at 420 nm. 
cThe induction period was 30 minutes. The 5 ml lysates were diluted 
1:10 in 1X-M-9. The absorbance at 420 nm for the cultures ( r = 10 
hours) was 0.250 (1 and 1') and 0.260 (2 and 2a-2g). The molar 
3 
extinction coefficient of ONPG is 2.15 x 10 . The reaction mixture 
for ONPG hydrolysis for cultures 1 and 1' was 1.8 ml 1X-M-9, 1.0 ml 
bacterial lysate, and 0.2 ml 0.028 M ONPG. The reaction mixture for 
ONPG hydrolysis for cultures 2 and 2a-2g was 0.8 ml 1X-M-9, 2.0 ml 
bacterial lysate and 0.2 ml 0.028 M ONPG. 
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Table 8. Mixing experiment: lysis 
aSample 
number 
b AA at 420 nm C /moles ONPG 
hydrolyzed 
min ml A^Q 
% 
lysis 
1 0.0445 63.10 100.00 
1' 0.0358 50.76 80.44 
2 0.1696 394.41 100.00 
2' 0.2008 466.98 118.37 
3 0.0538 37.24 100.00 
3' 0.0420 29.07 78.06 
4 0.1109 123.99 100.00 
4' 0.0800 89.22 71.90 
3Sample number 
1, 2, 3 and 4 4.9 ml 1X-M-9 + 0.1 ml lytic mixture of Revel 
et al. (1961) 
1', 2', 3' and 4' 0.4 ml 257» sucrose (w/v) + 0.4 ml EDTA and lyso¬ 
zyme solution + 4.2 ml deionized water 
See Materials and Methods for explanation of solutions, 
b AA is the average change in absorbance at 420 nm. 
cThe induction period was 30 minutes. The 5 ml lysates were diluted 
1:10 in 1X-M-9. The absorbance of cultures 1 and 1' ( z 1 hour) 
was 0.410 at 420 nm, while cultures 3 and 3' ( r = 1 hour) had an 
absorbance of 0.420. The absorbance of cultures 2 and 2' ( ^ = 10 
hours) was 0.250 while cultures 4 and 4' had an absorbance of 0.260. 
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Table 8 (Continued) 
The molar extinction coefficient of ONPG is 2.15 x 10^. The reaction 
mixture for ONPG hydrolysis in 1, 1', 2, and 2' was 1.8 ml 1X-M-9, 
1.0 ml bacterial lysate and 0.2 ml 0.028 M ONPG. The reaction 
mixture for ONPG hydrolysis in 3, 3', 4, and 4' was 0.8 ml 1X-M-9, 
2.0 ml bacterial lysate and 0.2 ml 0.028 M ONPG. 
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Table 9. RNA polymerase activity associated with effects of 







UUmoles AMP incorporated 
min ml A^Q 
2 52.10 577.75 3.712 - 0.000 
3 54.30 612.50 3.880 - 0.174 
4 78.89 664.35 4.210 ± 0.244 
cl 
The absorbance of the batch culture ( = 1 hour) was 0.390 at 420 nm. 
The specific activity of *^C-ATP was 5 fXci/ftmole. The counting effi¬ 
ciency of l^C-ATP as determined by an internal standard control was 1 
disintegration per minute (dpm) which corresponds to 0.76 counts per 
minute (cpm) or 76%. The disintegrations per minute were converted to 
microcuries ( fici) by use of the relationship 1 fici = 2.22 x 10^ dpm. 
The reaction mixture for the polymerase assay was: buffers, salts, and 
BSA solution, 100 fjl; DNA solution, 20 fil; triphosphate solution, 10 fil; 
■^C-ATP solution, 20 Mi; bacterial lysate, 100 Ml- The incubation period 
was 1 hour at 37 C. The incorporation of ^C-AMP (adenosine mono¬ 
phosphate) is reported with the plus or minus the standard error. 
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Table 10. RNA polymerase activity associated with effects of EDTA 







fijimoles AMP incorporated 
min ml A^g 
1' 112.36 2584.70 16.80 ± 0.00 
2' 80.44 2430.80 14.64 - 0.95 
3' 78.06 2356.64 13.86 - 0.17 
4' 92.94 2743.60 16.13 - 2.94 
aAll conditions are the same as described in the legend to Table 9, 
except the absorbance at 420 nm for the cultures ( ^ 1 h°ur) was 
0.380 (I'), 0.410 (2') and 0.420 (3' and 4'). 
41 
Table 11. RUA polymerase activity associated with effects of 
EDTA and lysozyme on cell lysis:a3 
Sample % Average uumoles AMP incorporated 
number lysis cpm 
min ml A^Q 
l1 118.37 441.61 4.36 - 0.280 
2a 71.90 270.73 2.57 t 0.086 
2b 100.99 263.70 2.50 t 0.086 
2c 76.28 407.44 3.54 ± 0.150 
2d 101.35 259.01 2.46 t 0.086 
2e 87.10 319.22 3.03 - 0.000 
2f 108.92 284.78 2.71 - 0.000 
2g 89.63 372.64 3.86 t 0.000 
SL _ 
All conditions are the same as described in the legend to Table 9, 
except the absorbance at 420 nm for cultures ( - 10 hours) was 
0.250 (1') and 0.260 (2a - 2g). 
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Table 12. Mixing experiment: polymerase activity al 
Sample Volume Expected Observed 
number used (ml) cpm cpm 
Bl' 1.0b - 2430.80 
C2 ' 1.0C - 441.61 
Bl' + C2' 0.9b + 0.1c 2231.88 2289.39 
Bl' + C2' 0.5b + 0.5C 1436.20 1569.64 
Bl' + C2' 0.1b + 0.9C 640.53 612.62 
All conditions are the same as described in the legend to Table 9, 
except the absorbance of culture Bl' ( r - 1 hour) was 0.410 at 420 nm 
and C2' ( r - 10 hours) was 0.250. 
bThis represents the volume of the batch culture used. 
This represents volume of the chemostat culture used. 
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Table 13. Mixing experiment: polymerase activity 2 
a 
Sample Volume Expected Observed 
number used (ml) cpm cpm 
B31 1.0b - 2356.64 
C4' i.oc - 270.73 
B3' + C4* 0.9b + 0.1c 2148.05 2266.11 
B3' + C4' 0.5b + 0.5C 1313.68 1396.62 
B31 + C4' 0.1b + 0.9C 479.32 453.42 
All conditions are the same as described in the legend to Table 9, 
except the absorbance of culture B3' ( - 1 hour) was 0.420 at 
420 nm and C4' ( = 10 hours) was 0.260. 
bThis represents the volume of batch culture used. 
Q 
This represents the volume of chemostat culture used. 
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second mixing experiment. 
Table 14 shows a summary of RNA. polymerase activity in cultures 
growing with doubling times of 1 and 10 hours. 





UUmoles AMP incorporated 
min ml 
1 - 14.81 0.000 
1 - 12.41 
+ 0.000 
1 112.36 16.80 
+ 
0.000 
1 80.44 14.64 
+ 
0.950 
1 78.06 13.86 
+ 
0.170 
1 92.94 16.13 
+ 
2.940 
10 118.37 4.36 
+ 
0.280 
10 71.90 2.57 
+ 
0.0860 
10 100.99 2.50 
+ 
0.0860 
10 76.28 3.54 
+ 
0.150 
10 101.35 2.46 
+ 
0.086 
10 87.10 3.03 
+ 0.000 
10 108.92 2.71 
+ 0.000 
10 89.63 3.86 
+ 0.000 
The conditions for the polymerase activity are described in the 
legend to Table 9 
CHAPTER V 
DISCUSSION 
As was pointed out in the results section, because E. coli cells 
growing at different growth rates are not lysed by all procedures with 
the same efficiency, in order to validly compare the RNA polymerase 
activity associated with cells growing at different growth rates an 
estimate of the degree of lysis is necessary. An indirect approach to 
this problem was devised which was based upon the assay of |3"§alacto“ 
sidase by a lysis procedure known to give full complement of this 
enzyme from cells growing at different growth rates. However, as 
shown in Table 5, this lysis procedure is not suitable for the assay 
of RNA polymerase. The data from Table 5 indicate that approximately 
4 times less activity of RNA polymerase is yielded by the lysis procedure 
of Revel ££ ai. (1961) as compared to the EDTA-lysozyme procedure of 
Godson and Sinsheimer (1967). 
Since the RNA polymerase could not be efficiently assayed by 
the Revel jît al. (1961) procedure, it was necessary to compare the 
|3 -galactosidase activities associated with the Revel et al. (1961) pro¬ 
cedure with the activity of this enzyme after lysis by the EDTA-lysozyme 
procedure. Also, since the ionic environment of these two lysis 
procedures is different control experiments had to be devised in order 
to determine if different activities were due to differential lysis or 
to ion activation or inhibition. These control experiments are shown 
in Tables 1, 2, and 3. Since samples number 1, 3, and 4 yielded very 
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nearly the same amount of /3-galactosidase, it was concluded that the 
lysozyme-EDTA procedure results in less j3-galactosidase than the 
Revel et al.(1961) procedure because of differential lysis and not 
because of ion activation. Consequently, in all RM. polymerase 
assays an estimate of the per cent of lysis was carried out by assaying 
for j3 -galactosidase by the Revel et al. lysis procedure and by the 
EDTA-lysozyme-RM polymerase compatible procedure. 
The validity of this approach can be seen from the results shown 
in Tables 9, 10 and 11. In Tables 9 and 10 it can be seen that for 
cells growing with a doubling time of 1 hour, the RM polymerase activity 
increases with the per cent lysis estimated by the /3-galactosidase 
assay technique. For cells doubling every 10 hours (Table 11) the 
correspondence between the estimate of the degree of lysis and the 
RM polymerase activity is not as clear cut, but a general trend can be 
noted. The reasons for the lack of correlation are not fully under¬ 
stood, but it may have to do with the accuracy with which the degree of 
lysis can be determined. In all probability, the degree of lysis is 
only accurate to plus or minus 15%. Within this range of error, one is 
still able to make valid comparisons of the activity of RM polymerase 
in cells growing at different growth rates. 
In comparing activities of an enzyme from cells in different 
physiological states, one must always keep in mind that there may be 
inhibitors or stimulators present at one state which are not present 
or are present to different degrees in the second state. This possi¬ 
bility was approached directly by mixing experiments as shown in 
Tables 12 and 13. In these experiments it can be seen that the observed 
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incorporation of radioactive AMP into RNA is very close to the values 
expected OH the basis of strict additivity. The greatest deviation 
is noted in Table 12 for the case, when 0.5 ml of batch culture lysate 
is mixed with 0.5 ml of chemostat lysate and there is approximately 
a 10% deviation in this case. However, that this deviation is due to 
experimental error and not to the differential presence of an inhibitor 
or stimulator can be seen by noting that when either the chemostat or 
batch culture lysate volumes was increased to 0.9 ml, the observed 
activities did not deviate significantly from the expected values. 
This can be seen in Tables 12 and 13. It is concluded from Tables 12 
and 13 that if inhibitors or stimulators are present in cells of E. 
coli B growing at different growth rates that these modulators are 
present to the same degree at the growth rates examined. Consequently, 
it is valid to compare activities from cultures growing at different 
growth rates. 
Table 14 summarizes the RNA polymerase activities, associated 
with cultures of E. coli B growing at doubling times of 1 and 10 hours, 
that were found in this work. It is evident that cultures growing 
with a doubling time of 1 hour have more polymerase activity per unit 
amount of DNA than do cultures growing with a doubling time of 10 hours. 
It is difficult to say how much more activity is associated with cells 
doubling every hour than with cells doubling every 10 hours because 
of the problems associated with a determination of the degree of lysis 
of chemostat cultures as discussed above. If an average of the data is 
considered, one calculates the average RNA polymerase activity for 
cultures doubling every 10 hours to be 3.13 ft/tmoles of AMP incorporated 
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per minute per ml per absorbance at 420 nm. The standard error associated 
with this average is 0.25 and the standard deviation is 0.71. For 
cultures doubling every hour, the average value is 14.77 in the same 
units and a standard error of 0.63 and with a standard deviation of 
1.55 is calculated. Based on these calculations, cultures growing with 
a doubling time of 1 hour have 4.47 times more polymerase activity than 
cultures growing with a doubling time of 10 hours. 
As pointed out by Koch and Norris (1973) over the growth rate 
range considered in this thesis, the rate of accumulation of RNA per 
unit amount of DNA varies 20-fold. However these authors calculated 
that the total rate of synthesis of RNA per unit amount of DNA varies 
2-fold over this same growth rate range. This latter figure has been 
independently confirmed by Ross (1973) who calculated that the total 
rate of RNA synthesis varies 2.2-fold over this range. Norris and Koch 
(1972) indicated that the reason for the discrepancy between the rate 
of accumulation of RNA and the rate of synthesis of RNA over this range 
is due to a degradation of ribosomal and transfer RNA at the slower 
growth rates. 
As pointed out by Koch and Norris (1973) because the rate of 
synthesis of RNA varies so slightly over the growth rate range in question 
here, the faster growing cell does not need to have significantly more 
RNA polymerase activity associated with it than the slowly growing cell. 
At the least, only a 2-fold change would be necessary and at the most a 
4 - 5-fold difference in level would be required. This difference in 
level could be produced without the need for the enzyme RNA polymerase 
to be synthesized differentially with respect to other cellular proteins 
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and therefore without the need for special growth rate controls governing 
the synthesis of this enzyme. 
The results presented in this thesis are certainly consistent 
with the argument presented by Koch and Norris (1973) and add credence 
to their postulate. It is suggested that the profound variation in RNA 
accumulation of 20-fold over this range of growth is primarily at the 
level of degradation at the low growth range and repression of m-RNA 
synthesis at the high growth range making polymerase available for r-RNA 
and f-RNA. 
The difference in activities found probably represent differences 
in the amount of the enzyme RNA polymerase, although it should be 
pointed out that a tightly bound modulator attached to the RNA polymerase 
molecules from cultures with doubling times of 1 hour could account for 
the difference. If so then it would be possible for the same amounts of 
RNA polymerase to be present at the 2 growth rates mentioned. 
Future work includes developing a method of gently lysing E. 
coli cells with a constant efficiency, preferably by further modifying 
the procedure of Godson and Sinsheimer (1967). A more quantitative 




This study was done to determine if the activity of RNA 
polymerase is under regulatory control in E. coli B. To analyze 
whether the activity of RNA polymerase is under regulatory control 
it became necessary to use a method which gently lyses E. coli cells. 
This method was found using the procedure of Godson and Sinsheimer 
(1967). The method of Godson and Sinsheimer (1967) proved to be 
gentle enough, but the efficiency of lysis using their method was 
never the same. In other words the per cent of lysis varied greatly 
even when all conditions for lysis were the same. 
This study also showed that with an increase in the per cent 
of lysis, there is also a concomitant increase in RNA polymerase 
activity. RNA polymerase operates at initial velocity between 10 and 
30 minutes under the conditions of assay used in this work. From the 
work presented in this study it has been shown that in cultures with 
doubling times of 1 and 10 hours respectively, there is a 4.47-fold 
difference in the activity of RNA polymerase. In other words RNA 
polymerase activity found in cultures doubling every hour is 4.47 
times greater than that found in cultures doubling every 10 hours. 
This small difference in polymerase activity could be produced without 
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